treatment). The three treatments were designed to evaluate biodegradation potentials of DOM 3 and SS-associated POM components in isolation ("DOM" and "SS" treatments) and 4 combined ("DOM+SS" treatment). The same inoculum (1% of the final volume) was added to 5 all samples. One hour after the addition of SS, a small portion of each sample was sampled 6 and filtered through a 0.2 μm membrane filter to measure the initial concentrations of DOC 7 leached from the SS. Subsamples were collected from the incubation bottles and analyzed for 8 DOC concentrations, UV absorbance at 254 nm (UVA 254 ), and fluorescence excitation 9 emission matrices (EEMs) on days 1, 3, 6, 13, 21, and 30 of the incubation period. 10
Fluorescence EEMs of the filtered water samples were obtained by simultaneous 11 scanning over excitation wavelengths from 200 to 400 nm at 5 nm steps and emission 12
wavelengths from 290 to 540 nm at 1 nm steps using a fluorescence spectrophotometer 13 (F7000, Hitachi, Tokyo, Japan). Scan speed was 2400 nm min -1 and the bandwidth was set to 14 5 nm for both excitation and emission. A 290 nm cutoff filter was used for all the 15 measurements to minimize second order Rayleigh scattering. Blank runs were conducted with 16
Ultrapure water for every batch of 10 samples. The Raman peak of water at excitation 350 17 nm/emission 400 nm was used to assess the stability of the fluorescence spectrometer. To 18 account partially for the Rayleigh scattering, the machine response to blank runs was 19 subtracted from the EEMs of the samples. The inner-filter effect was corrected based on 20
McKnight et al. (2001) . To deconvolute the major fluorescent components, PARAFAC 21 modeling was performed using MATLAB 7.0 (Mathworks, Natick, USA) with the DOM 22 Fluor toolbox (http://www.models.life.ku.dk) based on a method developed by Stedmon and 23 Bro (2008) . Three PARAFAC components were identified and termed humic-, fulvic-, and 24 protein-like fluorescent components based on the similarity of the peak wavelengths to values 25 reported in the literature (Fellman et al., 2010) . 26
Results 27

The relationships between storm magnitude and C export 28
Significant relationships were found between measures of storm magnitude (total event 29 rainfall and discharge) and discharge-weighted mean concentrations or exports of organic C 30 in the forest stream during 13 storm events (Fig. 2) . The event mean concentrations of DOC 31 tended to increase linearly with increasing precipitation and discharge, but the relationships 32
were not statistically significant (P = 0.15). In contrast, event mean concentrations of POC 1 and exports of both DOC and POC had significant nonlinear relationships with event total 2 rainfall or discharge. Cubic polynomial equations, which represented best-fit regressions for 3 all these nonlinear relationships, better accounted for the variations of the observed nonlinear 4 relationships than power law functions or second-order polynomial functions that had been 5 used to describe discharge-DOC relationships in previous studies (e.g., Raymond and Saiers, 6 2010). 7
Across a range of small and moderate storm events with up to 100 mm of precipitation 8 per event, the concentrations and fluxes of DOC and POC increased gradually with increasing 9 precipitation or discharge, with higher values of DOC than POC for most events. However, 10 above the threshold precipitation greater than 100 mm per event, POC concentrations and 11 fluxes increased drastically, considerably exceeding the levels of DOC. Compared to the very 12 strong relationships with rainfall, POC concentrations and fluxes exhibited weaker 13 relationships with discharge. Below-average concentrations and fluxes of POC during a few 14 storm events with substantial amount of antecedent precipitation (e.g., event 4; Table 1)  15 resulted in large variations in POC concentration and export at similar ranges of discharge 16 (Fig. 2) . 17
DBP formation of DOC and POC exported during extreme storm event 18
We examined short-term dynamics of DOC and POC export and their implications for C 19 biodegradation and DBP formation in the receiving headwater stream for two extreme storm 20 events that were part of 13 events analyzed in Fig. 2 (Fig. 3) . Responses of discharge and 21 stream water chemistry differed between the two storm events. The second phase (total 22 rainfall: 120 mm; mean hourly rainfall: 2.1 mm h -1 ) of event 12, which started on 25 June 23 2011, exhibited greater rainfall amount and higher intensity than the preceding phase (total 24 rainfall: 89 mm; mean hourly rainfall: 1.5 mm h -1 ) that started on 22 June following a 25 relatively dry pre-monsoon period in June. As the cumulative rainfall approached 200 mm, 26 discharge and turbidity (>1000 NTU) increased drastically toward the peak flow of the second 27 phase (Fig. 3) . While DOC concentrations reached similar maximum levels (2 -3 mg C L -1 ) 28 during all peak discharge periods, POC concentrations, along with TSS concentrations and 29 turbidity, exhibited large increases during the short peak flow periods of the intense rainfalls. 30
During the first phase of event 12, the concentrations of TTHMs formed by DOM and (Fig. 5) . DOC concentrations 10 decreased in the "DOM" by 7.1% and in the "DOM+SS" by 6.6%, but increased in the "SS" 11 treatment by 12.9% relative to the initial DOC concentrations ( Fig. 5 ; Table 2 ). BDOC 12 concentrations in the "DOM" and "DOM+SS" treatments were similar to each other and also 13 over 7 and 30 days ( Table 2) POC exceeding the rather moderate increases of DOC (Figs. 2, 3 ) also suggest that the stream 10 C export regime would shift toward a greater dominance of POC over DOC, if watersheds 11 were subjected to larger and more extreme storm events. 12
Relatively small variations in the peak DOC concentrations between the two periods of 13 event 12 (Fig. 3) , together with small increases of DOC concentrations and fluxes with 14 increasing rainfall and discharge ( 
Storm pulses of DOC and POC as sources of labile C in headwater stream 1
Unlike previous studies that focused on microbial transformation of labile DOM components, 2 our results provide rare insights into microbial alterations of the optical properties of particle-3 derived DOM. Previous BDOC experiments that focused on DOM did not consider the rapid 4 conversion of OM between the dissolved and particulate phase in streams and rivers. The 5 exclusion of SS can lead to a significant underestimation of DOM biodegradation and 6 changes in optical properties, considering the role of SS surfaces as biofilm that can enhance 7 the attachment and growth of microbes (Garnier et al., 2008) . In our study, the actual rate of 8 biodegradation of POC is not known, because we did not measure changes in POC 9 concentrations or CO 2 evolution as a measure of POC biodegradation. Given the unusually 10 high concentrations of POC during peak flow periods of intense or extreme storm events (Figs.  11 2, 3) and the fact that storm pulses of POC can contain a large pool of potentially soluble or 12 biodegradable OM, the actual biodegradation of POC might be much higher than estimated 13 from the small BDOC values observed for the SS samples. terrestrial sources at the regional or global scale. However, this study provides rare high-26 frequency monitoring data to reinforce the growing recognition that the export of terrigenous 27 organic C might be much greater than currently estimated, if we take into consideration the 28 "missing C" that cannot be captured with low-frequency sampling schemes. 29
This study also demonstrates that storm pulses of POC contain labile moieties that can 30 dissolve rapidly in streamwater and become subjected to microbial transformations, as 31 revealed by the greater changes in SUVA 254 concentrations from eight events that were published elsewhere (references provided as notes) 2 are here used to calculate discharge-weighted event mean concentrations and fluxes in Fig. 2.  3 The events 12 and 13 were examined in detail to evaluate potentials of DOC and POC for 4 DBP formation and biodegradation (Figs. 3 -5 Values are means followed by standard errors in parentheses (n = 3). Different letters indicate significant differences between means at P < 0.05. 10
All values were calculated as the initial minus the final value, so positive and negative values indicate decreases and increases relative to the initial 11 values, respectively. BDOC was also calculated as % of the initial DOC concentration. C1, C2, and C3 indicate humic-like, fulvic-like, and protein-12 like PARAFAC components, respectively. 
